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injection. All of the surviving rats developed cystitis but those given intraperitoneal injections of cyclophosphamide showed chemical peritonitis which complicated the histological diagnosis of cystitis. Further experiments were therefore performed using rats that were given a single intravenous injection of cyclophosphamide 100 mg/kg body weight.
To determine the interval between cyclophosphamide administration and the maximal histological changes of cystitis, 16 rats were killed 2 hours to 16 days after injection of the drug. It was found that by 8 hours the effect was maximal. The reproducibility of this effects was confirmed in 10 rats that were killed 8 hours after a single intravenous injection of 100 mg/kg body weight for all showed the florid change of cystitis, and in the following experiments cyclophosphamide cystitis was induced using this protocol.
Acetylcysteine and Cyclophosphamide Cystitis Phillips et al. (1961) showed the activated metabolites of cyclophosphamide had a direct effect on the urinary bladder mucosa of dogs. Previous observations (Thompson 1962 , Bari 1968 ) have shown that compounds with free sulphydryl radicals like acetylcysteine, inactivate alkylating agents and protect against radiation injury.
Acetylcysteine is used in the treatment of sputum retention in man. It is not toxic (Lorber 1967 , Lorber & Hollcraft 1972 and does not impair the cytotoxic effects of cyclophosphamide (Botta et al. 1973 , Kline et al. 1973 . Primack (1971) has shown in dogs that topical application of acetylcysteine to the bladder mucosa prevented cyclophosphamide cystitis and recently Botta et al. (1973) reported that oral acetylcysteine had some effect on cyclophosphamide cystitis in rats.
We therefore studied the effects of parenteral acetylcysteine on cyclophosphamide cystitis in rats. Four groups of 6 rats were used and cyclophosphamide was given to all of them. Two groups were given 100 mg/kg body weight of acetylcysteine intravenously 30 minutes before or after cyclophosphamide. Two other groups were controls and 1 ml of intravenous normal saline was given instead of acetylcysteine. Eight hours after cyclophosphamide all rats were killed and bladders histologically examined for cystitis.
All of the control rats given cyclophosphamide and saline had cystitis, but none of the rats given acetylcysteine before or after cyclophosphamide developed cystitis (Fig 1) .
To investigate the effects of acetylcysteine on developing cyclophosphamide cystitis 24 rats were used. Two rats were given cyclophosphamide alone and two were given only acetylcysteine; the remaining 20 rats were given cyclophosphamide and each received intravenous acetylcysteine 100 mg/kg body weight given 1 hour before to 6 hours after cyclophosphamide. No cystitis developed when the interval between cyclophosphamide and acetylcysteine was less than 2 hours. Cystitis in rats receiving acetylcysteine 2-6 hours after cyclophosphamide was proportional to the interval between cyclophosphamide and acetylcysteine. The diagnosis of outflow tract obstruction due to prostatic enlargement can sometimes be difficult, for the symptoms and signs are often misleading and incompletely explained by the usual clinical and radiological investigations. The methods that are now available for the urodynamic evaluation of vesicourethral function provide a quantitative assessment of the degree of obstruction which can be used to distinguish between disorders due to mechanical obstruction and other lesions affecting bladder function.
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Patients
During the past two years, 55 male patients with a presumptive diagnosis of prostatic obstruction were investigated in the urodynamic clinic. Their ages ranged from 43 to 82 years. The patients were divided into three groups on the basis of their clinical presentation.
Group 1 consisted of 25 patients in whom the symptoms and signs were atypical of benign prostatic hypertrophy. They had symptoms referable to the lower urinary tract but the clinical and radiological findings were equivocal. Group 2 consisted of 23 patients in whom the clinical diagnosis of prostatic obstruction was complicated by the presence of another diagnosis: lesions of the central nervous system, 5; cerebrovascular accident and residual neurological signs, 3; Parkinson's disease, 1; past history of cerebral trauma, 1; previous radiotherapy to the region of the bladdercarcinoma of the bladder, 5; and testicular tumour in 1. Four patients had a history of a prolapsed intervertebral disc. The remaining 8 patients presented with a variety of conditions, such as genitourinary tuberculosis, diabetes and the Leriche syndrome, which could have been responsible for their symptoms. Group 3 consisted of 7 patients with urinary symptoms which had persisted or recurred following prostatectomy carried out six months to three years previously.
Methods
Vesicourethral function was assessed by means of established urodynamic techniques which have previously been described (Buck et al. 1974 ). The measurements included: the urine flow rate, the urethral pressure profile (Brown & Wickham 1969) , catheter residual urine and cystometry. An example of these urodynamic recordings in a normal patient is shown in Fig 1 .
Results
Group 1: Out of a total of 25 patients, the urodynamic recordings of 8 were normal. These patients were in the younger age group (43-55 years) and 4 of them were asymptomatic at the time of study. The remainder had urinary symptoms of urgency and frequency of micturition. The prostate was not enlarged and the intravenous pyelogram (IVP) was normal in all, except one patient with a history of psychiatric abnormalities who was unable to empty the bladder. Urodynamic measurements in this patient demonstrated a normal urine flow rate with a catheter residual urine of less than 50 ml. A bladder capacity of 800 ml was noted but the cystometric curve was normal with intact bladder sensation. The patient's urinary symptoms persisted in spite of reassurance, whereas in the other 7 patients symptoms resolved completely.
In 15 patients the urodynamic diagnosis was consistent with the clinical diagnosis of prostatic obstruction. Poor urine flow rates were related to increased residual urine volumes and the urethral pressure profiles were abnormal. Poor correlation between symptoms and clinical and radiological findings was the indication for carrying out urodynamic investigations in these patients. The problem is best illustrated by the following case.
Case 1 W C, man aged 60
Presented with a single episode of urinary frequency, nocturia and urgency of micturition three months prior to attendance at the urological out-patient clinic. At the time of study he denied any urinary symptoms. On rectal examination the prostate was enlarged and the excretion urogram showed a large postmicturition residual urine. Urodynamic recordings showed a low urine flow rate (<10 ml/s) and increased residual urine volume (70 ml). The urethral cm H20 pressure profile was abnormal with a high pressure zone in the region of the prostatic urethra. On cystometry the bladder capacity was 450 ml. Towards the end of filling, a delayed spontaneous detrusor contraction occurred. This has often been interpreted as normal: however, we believe this to be a minor disturbance of detrusor inhibition (Fig 2) . This spontaneous voiding contraction was not seen at cystometry repeated eight weeks after prostatectomy.
Only one patient in this group was found to have true detrusor instability. It has been suggested that detrusor instability may develop in response to simple mechanical obstruction and is often reversed by relief of obstruction (Turner-Warwick et al. 1973) .
Case 2 W R, man aged 82 Presented with frequency of micturition and urge incontinence: On rectal examination the prostate was not enlarged. The urethral pressure profile was normal. A poor urine flow rate was related to a small voiding volume. Spontaneous detrusor contractions occurred on filling the bladder to 100 ml and the patient became incontinent. In the absence of a demonstrable neurological lesion, a trans urethral resection of the bladder neck and prostate was performed but this failed to relieve his symptoms (Fig 3) .
Group 2 (Table 1) : Of the 23 patients in this group 4 had normal recordings. In 9 patients the urodynamic studies confirmed that prostatic obstruction was responsible for their symptoms and these patients underwent prostatectomy. In the remaining 10 patients disordered function was due to neurogenic and anatomical changes unrelated to outflow tract obstruction. In 5 patients, detrusor instability distinguished by spontaneous uninhibited contractions and the absence of sustained voiding pressure but normal urethral resistance was a common feature. Although neurogenic bladder dysfunction is well recognized in Parkinson's disease, in protrusion of an intervertebral disc, and following a cerebrovascular accident, in this study it was also seen in a patient who had been treated by radiotherapy for carcinoma of the bladder. The etiology may be similar to the ischoemic lesion of the Leriche syndrome. One patient had a lower motor neurone atonic bladder with chronic retention of urine and a large residual urine volume secondary to a lumbar disc lesion. One patient was seen to have a dilated hypotonic large capacity bladder in association with pituitary diabetes insipidus. Table I Results of urodynamic studies in 23 patients in whom diagnosis of outflow tract obstruction was complicated by thecoexistence of another lesion Presented as a urological emergency with chronic painless retention of urine thought to be due to prostatic obstruction. Two years previously a laminectomy with exenteration of a prolapsed intervertebral disc had been performed. On clinical examination peripheral neurological signs were present in the lower extremities, but the prostate was not enlarged. Urodynamic recordings indicated that the urethral pressure profile was normal with a low pressure in the region of the bladder neck and prostatic urethra. The peak urine flow rate was <10 ml/s, the flow curve was protracted with a prolonged voiding time.
Catheter residual urine was 200 ml. The cystometrogram showed a flat tracing with no pressure rise, a bladder capacity of over 1000 ml and absent bladder sensation. The retention of urine in this case was secondary to a lower motor neurone atonic bladder due to cauda equina compression (Fig 4) .
Three patients developed a postirradiation contraction of the bladder; urodynamic studies demonstrated hypertonic cystometric pressures and diminished bladder capacities.
Group 3: Seven patients presented with symptoms of frequency, nocturia, dysuria and postmicturition dribbling. In 3 clinical examination and routine urological investigations proved to be entirely normal. Urodynamic investigations showed them to have urine flow rates that were frequently greater than normal, there was no residual urine and the cystometrograms were normal. The urethral pressure profile showed that the pressures in the region of the prostatic urethra were abolished after prostatectomy and the earliest pressure rise seen corresponded to the distal sphincter mechanism. Two patients were found to have an atonic bladder lesion which was not diagnosed before operation; in one the urethral pressure profile was abnormal with a high pressure in the region of the prostatic urethra and the urine flow rate was poor. Cystoscopy confirmed the presence of recurrent lateral lobe enlargement of the prostate and a further transurethral resection was necessary to relieve his symptoms. One patient developed a post-prostatectomy stricture.
Discussion
Most patients undergo prostatectomy on the basis of a digital impression of prostatic size, the clinical history, and radiological and endoscopic changes. However, it is well recognized that symptoms and prostatic size are not proportional to the degree of obstruction while radiology and endoscopy in the static state pay little attention to the dynamic aspects of a system that is undergoing constant change. Intercurrent disease in elderly males may closely mimic prostatism and be wholly or partly responsible for their symp- toms. In this study a critical urodynamic evaluation of a highly selected group of patients with a doubtful diagnosis of outflow tract obstruction revealed patterns of bladder dysfunction which helped to elucidate the various problems and to establish the correct diagnosis.
In 15 patients no clinical or urodynamic abnormality could be detected. These patients were reassured and the majority had a remission of symptoms. It is conceivable that minor degrees of functional abnormality cannot be detected by these methods and patients with persistent symptoms should be followed up and the tests repeated. Certainly patients with psychological or psychiatric disorders can be separated from those with treatable mechanical outflow tract obstruction by these investigations.
The urine flow rate and the characteristics of the flow curve would appear to be the most valuable urodynamic measurements in the diagnosis of outflow obstruction. Normal values and the changes resulting from prostatic obstruction are well defined (von Garrelts 1958 , North 1970 , Turner-Warwick et al. 1973 . Urine flow rate, however, is dependent on a combination of factors and additional information with regard to detrusor pressure by cystometry and urethral resistance is essential for the correct interpretation of the flow rate. We have found that the urethral pressure profile in patients with prostatic enlargement shows a characteristic deviation from normal; a zone of high pressure is seen in the region of the prostatic urethra and the distance between the bladder neck and the distal sphincter mechanism is widely separated.
Detrusor instability as a response to simple mechanical outflow tract obstruction has been reported (Lenaghan 1970 , Turner-Warwick et al. 1973 . Effective relief of the obstruction restores normal bladder function.
In this series true detrusor instability was not seen in any case of uncomplicated outflow tract obstruction. One patient in whom this condition was suspected failed to respond to transurethral resection of the prostate. In some patients with prostatic obstruction a delayed voiding contraction was seen on the filling cystometrogram. We believe this to be an abnormal detrusor response to simple mechanical obstruction which reverts to normal after prostatectomy. Similar voiding contractions have been reported in patients with spina bifida occulta and enuresis and is thought to represent a minor degree of interference in the reflex inhibitory pathway (Edwards 1973 ). This functional disturbance rather than the size of the prostate may be responsible for the symptoms of prostatism. How it is provoked remains unknown.
Detrusor instability with spontaneous contractions and incontinence due to loss of cortical inhibition was seen in patients with coexistent neurological lesions. In these cases low urine flow rates are due to small voiding volumes and arrhythmical, inefficient detrusor contractions. It is important to recognize the possibility of bladder dysfunction in patients who have had a cerebrovascular accident or who suffer from Parkinson's disease, as in the absence of overt prostatic obstruction it is doubtful if resection of the bladder neck or prostate will relieve their symptoms.
Prolapse of an intervertebral disc may result in vesical dysfunction ranging from detrusor instability with frequency and urgency to atonic bladder paralysis with retention of urine (Emmett & Love 1971 , Jones & Moore 1973 . Bladder involvement is said to occur more commonly with a central protrusion and in some cases may be the sole neurological manifestation (Emmett & Love 1971 , Ross & Jameson 1971 . One patient with an advanced lesion was seen to have sphincter involvement resulting in a poor urine flow rate and a large residual urine. The characteristic clinical presentation is that of a chronic painless retention of urine. Urodynamic studies reveal a large residual urine and the cystometrogram shows a large capacity bladder with a flat atonic cystometric tracing. The urethral pressure profile is normal and the absence of mechanical obstruction is confirmed at cystoscopy. The large capacity atonic bladder is undoubtedly a manifestation of lower motor neurone paresis.
Dilatation of the urinary tract has been reported in patients with pituitary diabetes insipidus, the dilatation being due to the polyuria and large urine volumes associated with this condition (Carter & Goodman 1963 , Manson et al. 1970 . One patient with acromegaly had been treated by pituitary ablation and diabetes insipidus had been present for many years. Urinary tract obstruction was excluded in this patient by a complete urological evaluation. Cystometry, however, revealed a large capacity bladder with a poor urine flow rate and infection of the residual urine.
Finally, there are patients with urinary symptoms following prostatectomy. These patients are difficult to assess clinically. In a proportion of patients urodynamic measurements will establish that vesicourethral function is entirely normal. Symptoms in these patients may be due to relapse of the original lesion requiring further resection, to an iatrogenically produced stricture, or to the wrong diagnosis of the primary condition. Two patients were noted to have an atonic bladder which was not recognized before operation.
Urodynamic measurements in this group of patients illustrate the importance of supplementing clinical evaluation with objective measurement. Although there are basic problems in diagnosis, each patient presented an individual problem that required careful assessment of many factors.
